The main trend of modern pharmacology is to increase efficacy of the medications with decrease of their toxicity and side effects. Analysis of modern literature revealed two main ways to solve this problem: firstly, to increase selective action of the drugs, and secondly, to provide higher concentration of the medications at the targeted structures, particularly in the central nervous system (CNS) at the expense of directed transport of the drugs using specific carriers [1, 2] . Trying to implement the first direction, we are facing certain limitations, such as presence of the targets with equal sensitivity in different structures of the body which makes the desired selectivity not feasible; persuing the second direction, we come across another limitation, such as toxicity of the carriers for the distant delivery of the drugs, while high selectivity becomes a considerable advantage in this case. Besides, certain potentially important medications were recently identified, such as tumor necrosis factor, which requires both distant and selective delivery to the target organs. Presence of the BBB is an essential obstacle for penetration of many medications into the brain. Tight junctions between the endothelial cells of the brain capillaries interfere with penetration of many high molecular weight and hydrophilic substances into the brain tissues, while presence of the P-glycoprotein hampers penetration of certain lipophilic molecules into the brain [3, 4] . Thus, presence of the BBB is a major limitation for the medicinal correction of the neurodegenerative diseases, tumors and other pathologies of the CNS.
Many peptides and proteins are known as regulators of different functions of the CNS neurons and therefore may potentially be used for treatment of different conditions accompanied by neurodegeneration [5, 6] . Important limitation for clinical application of the peptide medications is their low capacity in penetration through the BBB and their liability to enzymatic inactivation. Polymer colloid systems are capable of providing transport of the medications, including proteins and peptides, into the brain [7] .
For modelling of parkinsonism MPTP is a common compound which penetrates through the BBB and forms a metabolite in the brain which blocks thyrosine-hydroxylase, which finally results in deficiency of dopamine in substantia nigra [8] . In our research for the purpose of assessment of BDNF delivery and achievement of the neuroprotective effect in modelled parkinsonism we applied biodegradable surfactantcoated polylactate NP.
The objective of this study is to evaluate neuroprotective effect of nanoparticulate BDNF sorbed on to the polylactic NP in the established model of parkinsonism caused by MPTP.
METHODS
Experiments were conducted using the C57BL/6 male mice weighing 20-25 g (Animal house "LACU", Institute of the Medical Molecular Biotechnology (IMMB), Universiti Teknologi MARA, Selangor; Malaysia). All animals were given one week to adjust to the laboratory conditions before the experiment started. Each mouse was used only once in the experiment. The animals were having free access to food and water, kept in the temperature of 20-22 °С and humidity 50-60%, with a 12/12 dark/light cycle in the standard steel cages with 4 mice per cage. To minimise circadian fluctuations and avoid chronopharmacological effects, all experiments were conducted starting from 9 o'clock in the morning. Each experimental group contained 6-8 animals.
Parkinsonism was modelled using neurotoxin MPTP injected i. p. [9] . Evaluation of the major extrapyramidal changes were conducted starting from the of MPTP injection continuously for 45 min as described below; thereafter the animals were divided into 4 groups and got an injection into the lateral tail vein of 0. ith subsequent determination of level of BDNF in the brain using ELISA.
Chemicals
For parkinsonism modelling we used officinal normal saline (0.9% sodium chloride) (Sigma Aldrich; USA); 1-Methyl-4-phenyl-1,2,3,6-tetra hydropyridine hydrochloride powder (Sigma-Aldrich; USA).
For treatment of parkinsonism the following chemicals were used: officinal normal saline (0.9% sodium chloride) (SigmaAldrich; USA); 10% solution of poloxamer 188 (Sigma-Aldrich; USA), recombinant human BDNF (Raybiotech; USA); polylactic NP of medium diameter 200 nm (Degradex TM PLGA (MW 45-75 KD) nanospheres) (Phosphorex, Inc.; USA).
For ELISA we used a set of chemicals for ELISA of BDNF in mice and rats (Total BDNF Immunoassay; Quantikine®ELISA, Catalog Number DBNT00) (R&D Systems, Inc; USA), phosphate buffer (Sigma-Aldrich; USA) and lysis buffer 17 (catalog #895943; R&D system, Abingdon; UK,).
Modelling of parkinsonism
Solution of MPTP was injected i.p. to all animals in a dose of 30 mg/kg.
Preparation of nanoparticulate BDNF
Lyophilized powder of BDNF (50 mkg) was dissolved in 1 ml of normal saline. Solution of BDNF was added to the suspension of NP (40 mg in 1 ml of normal saline) and incubated at low temperature (0-4 °С) for 3 hours with subsequent sonification in the ultrasound disintegrator for 15 min at the power 60 w and stirred by magnetic stirrer at the speed of 300 RPM for 3 hours.
Preparation of the suspension of NP
Lyophilised powder (40 mg) of NP, containing 23.53 mg of polymer, was dispersed in 1 ml of the normal saline until a homogeneous suspension of the lacteous white color is obtained. Sonification was conducted in the ultrasound disintegrator for 15 min with power of 60 w with subsequent stirring by magnetic stirrer at the speed of 300 RPM for 3 hours.
Preparation of the suspension of NP with BDNF and surfactant
Suspension of nanoparticulate BDNF was added to 0.2 ml of 10% poloxamer 188 with subsequest stirring by magnetic stirrer. The final 2 ml of preparation contained 1.18% suspension of NP covered by poloxamer and 50 mcg of BDNF (5 mcg of BDNF per 0.2 ml of the preparation). In this case we used only th groups respectively into the lateral tail vein 45 min after the injection of the MPTP.
Efficacy of the preparations was evaluated by its capacity to attenuate the main manifestations of parkinsonism caused by MPTP (oligokinesia, rigidity and tremor). We also considered presence and intensity of such symptoms as salivation, piloerection, retropulsion and respiratory failure.
Methods for evaluation of rigidity
For quantitative evaluation of rigidity we used a symptom of humpback, the extent of which depends on muscular rigidity and may be measured by the shortening of the distance from the tail to the base of the tail. Body length was measured from interauricular line to the base of the tail using videoimages in the open field test. Paws of the animal were marked with a special dye using two different colors for front and rear limbs. Pace was measured between the footprints left by the moving animals on the tape. Rota-rod test was conducted in the RotaRod ENV-576 (Med Associates; USA) in accelerated mode N5 (2-20 RPM).
Evaluation of tremor
Tremor was assessed by its intensity in grades and by the number of animals with tremor per group. Based on localization and range, tremor was evaluated as grade 0 -no tremor, grade 1 -low range local tremor of the head, front paws and tail, grade 2 -local middle range tremor, grade 3 -generalized low or middle range tremor of the whole body [10] .
Open field test
Parkinsonism induced by neurotoxin causes changes not only of quantity of locomotor activity, but of its quality as well. The term "oligokinesia" refers to reduction of the volume of movements and change of their qualitative features. Open field is a white tetragonal arena with white borders 50 cm high. Its space is divided into 64 equal quadrates 10 × 10 cm each. After each testing the bottom of the arena was wiped with a humid sponge.
For testing in the open field, the animal was placed into the center of arena for 3 minutes immediately after MPTP injection and then 90 min, 24 hours, 72 hours and 7 days after neurotoxin injection. For assessment of the horizontal activity, one crossed quadrate was taken as a unit of distance. Vertical activity included rearing of the animal with the front paws hanging or leaning against the borders of the arena. Both types of locomotor activity were considered as rearing. Left hemisphere of the brain was rinsed with phosphate buffer and homogenized with a tissue homogenizer in 500 µl of PBS. An equal volume of lysis buffer 17 (R&D Systems, Abingdon, UK) was added and tissues were lysed at room temperature for 30 minutes with gentle agitation. Debris was then removed by centrifugation at 10,000 g, 4 °C, aliquoted and stored at -80 °C before analysis. BDNF level was assesses using ELISA kit (Total BDNF Immunoassay; Quantikine®ELISA) (R&D Systems, Inc.; USA) according to the manufacturer protocol using microplate reader Victor TM X (Perkin Elmer; USA) with 
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Statistics
The data obtained were processed statistically using Excel software with calculation of the mean, standard deviation, mean error, Student's t-test. Difference were considered significant if p < 0.05.
RESULTS
As early as 2 minutes past i.p. injection of MPTP the animals of all four groups developed symptoms of parkinsonism: at first generalized tremor, low or middle range, then within the next 3-5 min -retropulsion and piloerection. Piloerection was so prominent, that in many mice white skin was visible between the hair of the black coat, which was especially pronounced at the back of the neck. During next 15 min the symptoms of skeletal muscles rigidity are dominating, namely staggering gait, shortened pace, rotational movements, shortening of the body with appearance of a typical humpback in the thoraco-lumbar region of the vertebral column. After 1.5 hours (45 minutes past injection of BDNF or saline) in mice of the 1 st group tremor persisted, rearings were absent, while in groups 2 and 3 tremor was slightly reduced and single rearings might be observed, and in the 4 th group tremor almost disappeared and rearings became much more frequent. Animals of the 4 th group showed ability to restore the pace and rota-rod rotation, as well as to increase the distance walked in the open field. In animals of the 1 st -3 rd groups rota-rod test results and the pace almost did not change, while distance walked and body length did not change only in the 1 st and 2 nd groups, but demonstrated a trend to increase in the 3 rd group of mice. Statistical analysis showed that only mice of the 4 th group revealed positive dynamics for all the listed parameters compared to all other groups, while in groups 1, 2 and 3 they did not differ significantly ( Fig. 1-3) .
After 24 and 72 hours since the start of the experiment the trends observed after 90 minutes for distance walked, pace, body length, rota-rod rotation and tremor, persist, though with different level of significance (p < 0.05 -p < 0.01). After 7 days mice of the 3 rd and 4 th groups did not show any tremor, while in the 1 st and 2 nd groups single twitching took place in some animals, but there was no significant difference for this parameter due to considerable variations between the species. Body length continues to restore in all the groups, but the difference between the groups is also not significant. Pace, rota-rod performance, distance walked and rearing remained significantly different in the 4
th group compared to all other groups.
As follows from the table 1, injection of BDNF insignificantly (by 11%) increased concentration of BDNF in brain compared to the normal saline (p > 0.05), while nanoparticulate BDNF increased it significantly (p < 0.05) and surfactant-coated nanoparticulate increased with higher significance (p < 0.01) compared to normal saline group. Concentration of BDNF in the brain tissues in animals treated with nanoparticulate BDNF and surfactant-coated nanopaticulate BDNF was significantly higher (p < 0.01) than with pure BDNF. Animals treated with nanoparticulate BDNF and nanoparticulate BDNF with surfactant also showed significant difference in BDNF concentration in the brain tissues (p < 0.05).
DISCUSSION
Our experiments demonstrated that i.v. injection of poloxamercoated nanoparticulate BDNF loaded onto PLGA NP significantly increases concentration of neurotrophin in the brain. As a result, BDNF delivered to the brain tissues provides considerable alleviation of the symptoms of MPTP-induced parkinsonism. I. v. injection of pure BDNF did not show any significant antiparkinsonic effect. Significant reduction of rigidity and normalization of locomotor activity was detected only in the group of mice with parkinsonism treated by nanoparticulate BDNF with poloxamer. This effect was observed starting from the 45 minutes after BDNF injection continuously for 7 days. Similar effect on MPTP-related tremor was demonstrated in the group of mice after application of nanoparticulate BDNF with poloxamer. Observed trend of increased BDNF concentration after i. v. injection of pure neurotrophin allows to assume the presence of a transporting system in cells forming BBB. The data obtained correlate with the results regarding directed transport using colloid NP. Experiments with polybutirate NP covered by polysorbate 80 demonstrated that nerve growth factor (NGF) may be delivered into the brain. NGF was shown to be able to reduce intensity of symptoms caused by MPTP in mice [9, 10] .
Currently activating effect of BDNF on regeneration of the nerve tissue is under thorough investigation. Thus, Limongi et al. demonstrated that incubation of the nerve tissue in the medium containing BDNF will increase density of the synaptic contacts and neuronal survival rate [11] . Besides, BDNF increases release of acetylcholine and glutamate by the synaptic structures of the central and peripheral nervous system [12, 13] . These mediators form the key mechanisms in functioning of the extrapyramidal system and development of parkinsonism. As it was shown by Bhurtel et al., BDNF stimulates dopaminergic neurons [14] . At the same time direct injection of the BDNF into brain reduced the intensity of symptoms of parkinsonism caused by injection of MPTP [15] .
Thus we presume that BDNF delivered to the brain with the aid of NP may decrease intensity of symptoms of parkinsonism caused by MPTP due to direct stimulation of discharge of the mediators and/or stimulation of the regeneratory capacity of the dopaminergic neurons.
CONCLUSIONS
The results obtained demonstrated that poloxamer 188-coated polylactic NP are capable of transporting of the BDNF through the BBB, thus creating its concentration in the brain which is able to cause significant neurotropic effect in the brain.
